Introduction: Lumnitzera littorea grown at CanGio Mangrove Forest has been investigated. The present study reports the isolation, characterization and evaluation of the α-glucosidase inhibitory activity of isolated compounds from Lumnitzera littorea leaves. Methods: Their structures were elucidated by spectroscopic methods (including MS, 1D and 2D-NMR) and comparison with values from the literature. From the n-hexane extract, nine compounds including lupeol (1), betulin (2), betulinic acid (3), oleanolic acid (4), corosolic acid (5), β-sitosterol (6), β-sitosterol 3-O-β-D-glucopyranoside (7), stigmast-5-ene-3β-O-(6-O-hexadecanoyl-β-D-glucopyranoside) (8), and stigmast-4-ene-3-one (9) were isolated and identified. Results: The results of the α-glucosidase inhibitory activity showed thatcorosolic acid (5) and oleanolic acid (4) were the most potent, with IC 50 values of 17.86 ± 0.42 and 18.82 ± 0.59 µg/mL, respectively. Five of the other seven compounds exhibited inhibitory activity with IC 50 values below 100 µg/mL, and higher than the positive control acarbose (127.64 ± 0.64 µg/mL).
INTRODUCTION
Diabetes is a chronic disease associated with unusually high levels of glucose in the blood. The goal of diabete therapy is the maintenance of normal blood glucose levels after a meal. Postprandial hyperglycemia plays an important role in the development of type 2 diabetes and its complications. One of the therapeutic approaches for decreasing blood glucose rise after a meal is to slow down the absorption of glucose by inhibition of carbohydrate hydrolyzing enzymes, such as α-glucosidase. α-Glucosidase is an intestinal enzyme that breaks down α-1,4 linked polysaccharides to α-glucose, which leads to the high blood sugar levels. The development of an α-glucosidase inhibitor derived from natural products is an important contribution for the treatment of diabetes. Lumnitzera littorea, a woody tree of the Combretaceae family, grows at the Can Gio Mangrove Forest in Vietnam. The antimicrobial activities of n-hexane, ethyl acetate and methanol extracts of leaves of this species were evaluated against six human pathogenic microbes and the former extract was the most active 1 . Our published research showed that the α-glucosidase inhibitory activity on all extracts and isolated flavonoids from the leaves of Lumnitzera littorea were very strong 2 . The aim of this study was to isolate phytoconstituents and evaluate the inhibition of α-glucosidase activity of the compounds isolated from the n-hexane extract of L. littorealeaves. Merck (Darmstadt, Germany). Other chemicals were of the highest grade available.
EXTRACTION AND ISOLATION
The fresh leaves were washed under running tap water to remove all sandy particles and epiphytes and then were dried and ground into fine powder. The powder (15,000 g) was exhaustively extracted with ethanol at room temperature by the method of maceration. After filtration, the ethanol solution was evaporated to dryness under reduced pressure to yield a crude ethanol residue (1,000 g). This crude was applied to a silica gel solid phase extraction, eluted consecutively with n-hexane, ethyl acetate, and finally with ethanol. After evaporation under reduced pressure, three extracts were obtained: n-hexane (100 g), ethyl acetate (250 g), and ethanol (550 g).
The n-hexane extract (100 g) was fractionated by silica gel column chromatography using a mixture of n-hexane-ethyl acetate (98:2 to 0:100) to yield five fractions (H1-H5). Fraction H2 (52.5 g) was applied to a silica gel column and eluted with chloroform:methanol (stepwise, 98:2 to 50:50) to give 6 subfractions (H21-H26). Subfraction H21 was rechromatographed on a silica gel column using chloroform:ethylacetate (stepwise 98:2 to 0:100), and then purified by Sephadex LH-20 chloroform:methanol (1:1) to obtain compound 1 (20 mg). Subfraction H23 was further chromatographed on Sephadex LH-20 chloroform:methanol (1:1) to give two compound : compound 8 (10 mg) and 9 (15 mg). Fraction H3 was further separated on a silica gel column and eluted with chloroform:methanol (stepwise, 9:1 to 0:100) to yield four fractions (H31-H34). Subfraction H31 was subjected to Sephadex LH-20 chloroform:methanol (1:1), then separated on a silica gel Rp18 with water:methanol:acetone (2:3:5) to obtain three compounds, such as compound 2 (10 mg), 3 (15 mg), and 4 (5 mg).
Fraction H4 was applied to a silica gel column and eluted with chloroform:methanol:water (14:6:1) to yield five fractions (H41-H45). Subfraction H41 was further separated on Sephadex LH-20 chloroform:methanol (1:1) to give compound 5 (15 mg) and 6 (25 mg). Subfraction H43 was rechromatographed on a silica gel column with n-hexane:chloroform (stepwise, 95:5 to 50:50) to obtain compound 7 (20 mg).
In vitro α-glucosidase inhibitory assay
The α-glucosidase inhibitory activity was evaluated on all compounds according to the method of Apostolidis et al. 3 . A reaction mixture containing 60 µL of 100 mM phosphate buffer (pH 6.8), 20 µL of sample (at the different concentrations), and 100 µL of 200 µM p-nitrophenyl-α-D-glucopyranoside solution (in 100 mM phosphate buffer) was incubated in 96-well plates at 37 o C for 10 min. Then, 20 µL of 0.3 U/mL α-glucosidase in the phosphate buffer was added to the mixture. The reaction mixtures were incubated at 37 o C for 10 min. Then, the reaction was stopped by adding 20 µL of 50 mM NaOH. Absorbances were recorded at 405 nm by a microplate reader and compared to a control which had 20 µL of buffer solution in place of the sample. Acarbose was used as a positive control. The α-glucosidase inhibitory activity was expressed as % inhibition and was calculated as follows:
The inhibitory concentration (IC50) for each sample was calculated using a regression analysis from the graph plotting scavenging activity against concentration. All experiments were carried out in triplicate and the results were expressed as the mean ± SD of three determinations.
Statistical analysis
All assays were conducted in triplicate. Statistical analyses were performed with Statgraphics Plus Professional 16.0.03 for an analysis of variance (ANOVA), followed by Duncan's test. Differences at P<0.05 were considered significant.
RESULTS

Structural elucidation
The phytochemical study of Lumnitzera littorea led to the isolation and identification of nine compounds whose structures are shown in Figure 2 . The spectral properties of these known compounds, including 1 H-NMR and 13 C-NMR data, were identical to those previously described in the literature.
Lupeol (1) 
In vitro α-glucosidase inhibitory assay
The α-glucosidase inhibitory effects of the isolated compounds (1-9) were evaluated. The inhibition % and IC50 values of all compounds are shown in Table 1.
The resulting IC50 values indicated that all the compounds, except 8, showed stronger α-glucosidase inhibitory activity than acarbose (IC50 127.64 ± 0.64 mg/mL). Particularly, one ursane-type triterpene (compound 5) and one oleanane-type triterpene (compound 4) showed outstanding α-glucosidase inhibition activities, with IC50 values of 17.86 ± 0.42 and 18.82 ± 0.59 µg/mL, respectively. Meanwhile, the other compounds displayed α-glucosidase inhibition activities with IC50 values ranging from of 34.00-115.00 µg/mL. C-3) . Thus, the structure of 6 was assigned as β-sitosterol and was consistent with values reported in the literature 7 .
DISCUSSION
Detailed analysis of NMR spectra of 7 indicated that it also possessed the proton and carbon signals of a β-sitosterol skeleton. Additionally, the 1 H NMR spectrum of 7 confirmed the presence of one β-glucose unit through a doublet signal at d 4.21 (d, 8.0 Hz, H-1'), assigned for anomeric proton, and multiplet signals from d 2.89 to 3.15, assigned for the carbinol protons of the sugar part. In the 13 C NMR spectrum which displayed an anomeric carbon signal at d 100.9 (C-1'), an oxygenated methylene carbon signal at d 61.2 (C-6') and four oxymethine carbon signals at d 70.2-77.1 (C-2'-5') of sugar unit were observed. These data confirm that compound 7 was β-itosterol 3-O-β-D-glucopyranoside 8 .
Similar to the NMR spectra of 7, the 1 H NMR and 13 C NMR spectra of 8 indicated that it possessed a similar structure to that of β-sitosterol glucoside. The difference was the presence of signals for a palmitoyl moiety in 8. . Based on the spectral data obtained and comparison with literature data, the structure of 9 was confirmed as stigmast-4-ene-3-one 9 .
Although 1-5, 8,and 9 are known compounds, this is the first time their presence in leaves of Lumnitzera littorea has been reported. α-Glucosidases are a series of enzymes located on the human intestine. The most important carbohydrates in food are hydrolyzed to monosaccharide by α-glucosidase, then absorbed into the blood to increase blood glucose level. This is the reason for development of diabetes. The α-Glucosidase inhibitors may have the potential to delay or prevent the rise of blood glucose level. However, the mechanism of the inhibitions against α-glucosidase has not yet clear.
In our experiments, five compounds of triterpenoids and four compounds of steroids from Lumnitzera littorea showed different activity against α-glucosidase ( Table 1) . From the structures of compounds 1-3, we can infer that the α-glucosidase inhibitory acitvity is strengthened when the methylene group at C-28 is altered to an oxygenated methylene or a carboxylic group. As the result, the IC50 values of lupeol (1), betulin (2) and betulinic acid (3) were 97.95 ± 0.85, 38.74 ± 0.63 and 28.82 ± 0.37 µg/mL, respectively. Furthermore, a carboxylic acid group or a CH2-OH group at C-17 is important for the action of compounds 2-5.
Comparison of the chemical structures and the α-glucosidase inhibitory activity indicates that the presence of a hydroxyl group at C-3 plays an important role in the α-glucosidase inhibitory activity. Thus, the data from this study also demonstrated that the IC50 values of compounds 2-6 were lower than those of compounds 7 and 8-9.Of note, it is interesting that for 9 it is not an -OH group but an =O group. However, an oxygen is not enough at 7 and 8 have low activity. This could be ascribed to the more bulky structure of the inhibitor. Thus, the presence of one β-glucose unit at C-3 of β-sitosterol 3-O-β-D-glucopyranoside (7) or the attachment of the palmitoyl moiety at C-6' of the glucose unit of stigmast-5-ene-3β-O-(6-O-hexadecanoyl-β-D-glucopyranoside) (8) decreased the α-glucosidase inhibitory activity. This demonstrated that the IC50 values of compounds 6-8 had increased to 34.45 ± 0.34, 114.19 ± 0.61 and 174.51 ± 0.58 µg/mL, respectively. When the methylene group at C-2 was altered to a hydroxyl group, the α-glucosidase inhibitory activity increased. This also indicated that IC50 values of corosolic acid (5), as the most effective compound, displayed a significantly inhibitory activity against α-glucosidase with IC50 values of 17.86 ± 0.42 µg/mL.
CONCLUSIONS
In the investigation of the chemical constituents of Lumnitzera littorea leaves, nine compounds were isolated. There were five triterpenoids: lupeol (1), betulin (2), betulinic acid (3), oleanolic acid (4), and corosolic acid (5). As well, there were four steroids: β-sitosterol (6), β-sitosterol 3-O-β-D-glucopyranoside (7), stigmast-5-ene-3β-O-(6-O-hexadecanoyl-β-Dglucopyranoside) (8), and stigmast-4-ene-3-one (9). Although these compounds were already known in other species, this is the first time they were reported in Lumnitzera littorea. All of them were evaluated for α-glucosidase inhibitory activity and among them, corosolic acid was the most potent inhibitor with IC50 values of 17.86 ± 0.42 µg/mL, closely followed by oleanolic acid. Based on our report, one may expect compound 4 (with a hydroxyl group added at C-3) to be very active. 
